rounding and exfoliation of surface enterocytes in the large intestine of gnotobiotic piglets (Duimstra JR et al.: Abstr 1986 Conf Res Workers Anim Dis) and rabbits. 7 In the present case, microscopic lesions in the colon of the piglet were similar to those seen in experimental infections; hence, investigative attempts were focused on this organism. Bacteroides fragilis is normal flora in the large intestine of many animals so isolation of this organism from colonic contents was expected. The enterotoxigenicity and virulence of the isolate, however, were substantiated by use of the lamb intestinal loop assay and the modified RITARD test, respectively.
Diarrhea associated with Clostridium perfringens type A enterotoxin in neonatal pigs
James E. Collins, Martin E. Bergeland, Diane Bouley, Alan L. Ducommun, David H. Francis, Paul Yeske Diarrhea associated with Clostridium perfringens type A in pigs has been described in Europe 2,7,12 but has not been reported in the United States. In this report, we describe the clinical, microbiological, and histological features of an epizootic of neonatal pig diarrhea associated with the overgrowth of spore-bearing C. perfringens type A in the small intestine.
A 120-sow, continuously farrowing swine unit from southcentral Minnesota experienced an epizootic of diarrhea in l-3-day-old pigs. Clinical illness, which usually began shortly after birth, was characterized by high morbidity (nearly 100%) and negligible mortality (< 1%). Scouring pigs remained vigorous, continued to nurse, and recovered spontaneously in approximately 4 days. Diarrhea was clinically nonresponsive to treatment with gentamicin or trimethoprim-sulfadimeth-oxine but responded well to spectinomycin therapy. The illness did not adversely affect preweaning mortality rates, which remained low (< 10%) despite the persistence of diarrhea in this herd throughout a 4-month period. Routine vaccination of sows against transmissible gastroenteritis (TGE), rotavirus, C. perfringens type C, and Escherichia coli pilus types K88, K99, 987P, and F41 did not prevent or reduce the morbidity. Two submissions to the diagnostic laboratory, each consisting of 3 live diarrheic pigs, did not result in the identification of the etiologic agent(s); hence, the resubmission of additional pigs was requested.
Three live, unmedicated, acutely diarrheic, 1-2-day-old pigs were presented for necropsy. These pigs were alert, active, robust, and well hydrated and were excreting copious amounts of foamy, fluid, yellow feces. Grossly, lacteals throughout the length of the small intestine contained chyle, and colonic mesenteries were slightly edematous. Other tissues did not have lesions.
Portions of duodenum, jejunum, ileum, cecum, and colon were immersed in neutral buffered 10% formalin, embedded in paraffin, sectioned at 4-µm thickness, and stained with hematoxylin and eosin (HE) and Gram stains. Microscopi- tally, villi in the small intestine were long, slender, and lined by epithelial cells distended by colostral protein. A few neutrophils were seen in the lamina propria of the ileum of 1 pig, but, in general, inflammation was minimal. In intestinal sections that had not been flushed with formalin, many sporebearing gram-positive bacilli were seen in the lumen ( Fig. 1 ) and occasionally in apposition with epithelial cells at the tips of villi. The morphologic structure of villi and villus enterocytes was unaltered.
Sections of ileum were cultured on sheep blood agar, brilliant green agar, and MacConkey agar plates incubated in an aerobic atmosphere. Aerobic culture of ilea yielded mixed growths of E. coli, enterococci, and Bacillus sp. Immunofluorescence examination of ileal smears did not reveal the presence of K99, 987P, or K88 pilus antigens of E. coli. No rotaviral or TGE viral antigens were detected by immunofluorescence examinations of 2 frozen sections of small intestine from each pig. No virus was seen by electron microscopic examination of negatively stained fecal smears.
Ileum of each pig was cultured anaerobically by inoculating prereduced Centers for Disease Control anaerobic sheep blood agar plates and phenylethanol agar plates. In addition, feces from 5 live diarrheic pigs from the farm experiencing the disease and from 5 live clinically healthy 1-3-day-old pigs from a university research farm were cultured in the same manner. Plates were incubated anaerobically for 48 hr at 37 C and then were examined for colonies with the morphologic structure and hemolytic pattern of C. perfringens. Anaerobic culture of ileum from all pigs and of feces from diarrheic and healthy pigs yielded dense growths of C. perfringens as confirmed by the use of Gram stains, reverse CAMP, and a commercial microbial identification system. a A C. perfringens isolate (D87-25557) from 1 of the 3 pigs necropsied was typed by using a mouse inoculation bioassay. b No lethal toxin was detected in primary cultures of C. perfringens or in subcultures made in starch toxin medium, indicating that this isolate was similar to strains termed nontoxigenic C. perfringens type A by some investigators or nontoxigenic strains of C. perfringens by others. 1, 5 Detection of clostridial spore counts greater than 10 6 /ml of feces is considered a useful method for the identification of C. perfringens enterotoxicosis in humans." The number of clostridial spores in the feces of each of 5 diarrheic and 5 clinically healthy pigs was determined by previously described procedures. 4 Spore counts in diarrheic pig feces ranged from 2 x l0 4 to 2 x 10 7 /ml. Similar numbers of spores were detected in healthy pig feces with counts ranging from 1 x l0 4 to 3 x 10 7 /ml, thus fecal spore counts were not useful for the diagnosis of C. perfringens enterotoxicosis in pigs. In retrospect, clostridial spore counts on jejunal contents might have provided more information because C. perfringens is normally absent or present in low numbers in the jejunum of swine. 3 Because the presence of enterotoxin in feces is considered the most definitive criterion for the diagnosis of C. perfringens enterotoxicosis in humans, 6 the amount of enterotoxin in feces from 5 live diarrheic and 5 healthy pigs was measured using a reverse passive latex agglutination assay." Small amounts of C. perfringens enterotoxin were detected in feces of 4 of 5 diarrheic pigs, but none was detected in feces of healthy pigs. For reasons that are unclear, attempts to induce in vitro sporulation of C. perfringens (isolate D88-25557) were unsuccessful; thus, enterotoxin could not be detected in culture supernatant of this organism.
A diarrhea1 syndrome with clinical, epidemiologic, and pathologic characteristics as described in the present case occurs frequently in neonatal pigs in major swine-producing regions of the United States. The major characteristics of the syndrome are high morbidity and low mortality, absence of commonly recognized enteropathogens, and the presence of numerous spore-bearing gram-positive rods in the lumen of an otherwise lesionless small intestine. Clostridium perfringens type A has been associated with similar clinical syndromes in swine in Europe. 2, 7, 11 In this report, attempts made to investigate the relationship of enterotoxigenic C. perfringens type A to the diarrhea1 disease are described.
Clostridium perfringens type A enterotoxicosis is a difficult diagnosis to substantiate, especially because the organism is part of the normal intestinal flora. 3 There were, however, several findings in the present case that support this presumptive diagnosis. These include (1) the absence of other known enteropathogens, (2) culture of dense growths of C.
perfringens from the ileum of all pigs necropsied, (3) presence of many spore-bearing rods in the lumen of the small intestine, (4) the presence of enterotoxin in the feces of 4 of 5 diarrheic pigs, and (5) the clinical responsiveness of pigs to antimicrobial therapy.
The enterotoxin of C. perfringens is a 34,000-MW protein, which is a structural component of C. perfringens spores. 13 The enterotoxin acts on the mucosa of the intestinal tract causing fluid and electrolyte secretion in the ileum of pigs 10 mice, 13 and other animals. 8, 9 Although C. perfringens enterotoxin is reported to cause villous atrophy and sloughing of cells from the tips of villi in the small intestine, 2,12 villous damage was not detected in the intestine of pigs in the present case. The ability of the C. perfringens isolate to induce diarrhea in the absence of histologic lesions, however, was substantiated by results of experimental challenge of gnotobiotic pigs. Seven gnotobiotic pigs challenged with strain D87-25557 developed diarrhea within 3 days of inoculation but did not have histologic lesions in the small or large intestine. Four uninoculated control pigs remained healthy (David H. Francis, James E. Collins, unpublished data).
Despite major improvements in diagnostic methods in recent years, many epizootics of porcine diarrhea remain undiagnosed. For example, etiologic agents and microscopic lesions were not identified in 81(7.3%) of 1,124 appropriately sampled and well-preserved porcine enteric case accessions at the Minnesota Veterinary Diagnostic Laboratory d during July 1, 1987-June 30, 1988. These data indicate that infectious agents or other factors associated with the porcine diarrhea complex sometimes remain unidentified when standard diagnostic techniques are employed. The findings in the present case provide presumptive evidence that enterotoxigenic C. perfringens type A causes naturally occurring diarrhea in preweaning pigs in the United States. More case investigations are needed to provide definitive evidence of its natural occurrence. The criteria for laboratory confirmation of clinical disease caused by C. perfringens enterotoxicosis in pigs remain to be established. 
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